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INTRODUCTION 


An  ionization  chamber  was  constructed  to  measure 
the  range,  straggling,  ionizing  power,  and  other  prop- 
erties of  alpha  particles.  Therefore,  the  principal 
part  of  this  thesis  was  performed  in  the  machine  shop 
and  laboratory  of  Boston  University  and  is  now  an  in- 
strument in  the  nuclear  physics  laboratory  of  Boston 
University. 

Because  the  construction  of  the  instrument  was 
the  primary  object  of  this  thesis,  the  written  portion 
takes  the  form  of  presenting  drawings,  and  descrip- 
tions of  its  design  and  operation.  It  also  includes 
a history  of  the  methods  of  detection  and  the  nature 
of  alpha  particles. 

Along  with  this  background  material  are  some 
helpful  references  on  pertinent  phases  of  construction 
and  operation  of  ionization  chambers. 
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NATURE  OP  ALPHA  PARTICLES 


Professor  Henri  Becquerel  discovered  the  radio- 
activity of  uranium  in  1896.  Upon  investigating  this 
radio-active  phenomena,  Rutherford  stated  that  this 
radiation  was  of  two  kinds : a kind  that  was  easily 

stopped  by  matter  and  another  kind  that  would  penetrate 
much  greater  thicknesses  of  matter.  He  termed  the 
first  type  alpha  rays  and  the  other  beta  rays.  Later, 
an  even  more  penetrating  type  of  rays  was  discovered 
and  called  gamma  rays.  It  is  the  first  type  in  which 
we  are  interested  throughout  this  discussion. 

At  the  outset  beta  rays  received  more  attention 
than  the  alpha  rays  due  to  their  greater  penetration. 

By  1903,  Rutherford  had  shown  by  electric  and  magnetic 
deflection  methods  that  alpha  particles  behaved  as 
though  positively  charged.-*-  Due  to  the  presence  of 
helium  in  alpha  emitting  radio-active  substances  and 
the  determination  of  E/M  (the  ratio  of  electric  charge 
to  mass)  of  the  alpha  particle  to  be  approximately  the 
same  as  that  of  a double  charged  helium  nucleus,  the 

1 Rutherford,  Chadwick,  Ellis,  Radiations  from 
Radio-active  Substances,  p.  4. 
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alpha  particle  was  therefore  identified  as  a helium 

q 

nucleus. 

That  alpha  particles  consisted  of  helium  nuclei 
was  conclusively  proved  by  Rutherford  and  Royds^  when 
they  showed  that  radon  gas  sealed  in  a thin  glass  en- 
velope could  emit  alpha  particles,  and  by  capturing 
these  particles  in  a second  container,  it  would  be  shown 
to  contain  helium. 

Alpha  particles,  because  of  their  large  mass  and 

Q 

velocity,  of  the  order  of  10  centimeters  per  second, 

made  excellent  projectiles  for  nuclear  bombardments. 

Using  these  particles,  Rutherford  was  able  to  effect 

in 

the  transmutation  of  nitrogen  into  oxygen/the  year 
1919.* * 3  4 Although  the  alpha  particles  have  sufficient 
energy  to  effect  this  transmutation,  they  are  not  of 
great  value  now  for  bombardments,  because  by  the  use 
of  electrical  accelerators,  we  can  obtain  much  more 
energetic  particles  than  the  naturally  emitted  parti- 
cles. The  energy  of  the  naturally  emitted  particles 
has  a value  constant  for  each  substance,  but  varies 

o 

Rutherford,  Chadwick,  Ellis,  Radiations  from 
Radioactive  Substances,  p.  41. 

3 

Rutherford  & Royds,  The  Philosophical  Magazine, 

17,  281,  1909. 

4 

Pollard  & Davidson,  Applied  Nuclear  Physics,  p.  4. 
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from  substance  to  substance.  These  values  nearly  all 
lie  between  4 and  9 Mev. 

Due  to  its  large  mass  (4.0039)  and  relatively  slow 
velocity,  an  alpha  particle  causes  approximately  ten 
times  as  many  ions  as  does  a beta  particle.  Due  to  its 
comparatively  short  range,  the  alpha  particle  may  pro- 
duce one  thousand  times  as  many  ions  per  centimeter  as 
a beta  particle,  and  perhaps  ten  thousand  times  as  many 
as  a gamma  ray.* * 6 7  The  ionixing  power  of  an  alpha  par- 
ticle is  not  constant  throughout  its  range,  but  in- 
creases rather  rapidly  as  its  velocity  decreases  and 
reaches  a maximum  in  the  last  few  mm.  of  its  path,  as 
is  shov/n  by  the  Bragg  curve.  (Plate  lA  of  Appendix.) 

That  all  particles  do  not  experience  the  same 
retardation,  but  experience  a random  loss  of  energy,  is 

Q 

shown  by  the  straggling  curve.  (See  Plate  IB.) 

There  is  an  approximate  relationship  between  half 
life  and  range,  the  shorter  lived  elements  giving  rise 
to  the  more  energetic  particles.  This  relationship 

^Physics  Staff,  University  of  Pittsburgh,  Atomic 

Physics,  p.  235. 

6Hoag,  J.  B. , Electron  and  Nuclear  Physics,  p.  282. 

7Ibid. , p.  267. 

®Rutherford,  Chadwick,  Ellis,  Radiations  from 
Radioactive  Substances,  p.  111. 
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is  known  as  the  Geiger-Nuttall  relation. 

The  advent  of  artificially  induced  radioactivity 
has  caused  alpha  particle  emission  to  change  from  one 
of  the  more  common  radioactive  phenomena  to  one  con- 
fined to  a few  of  the  heavy  elements.  Nevertheless, 
the  study  of  alpha  particles  and  their  behavior  is  still 
an  inviting  field  for  research. 


9Physics  Staff,  University  of  Pittsburgh,  Atomic 
Physics,  p.  285. 
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METHODS  OP  DETECTING  ALPHA  PARTICLES 


A.  Early  Methods 

1.  Heating  Effect 

The  heating  effect  of  alpha  particles  was  in- 
vestigated and  used  to  estimate  emission  by  Watson 
and  Henderson.'*’ 

2.  Helium  Production 

The  rate  of  production  of  helium  is  another 
method  employed  to  measure  the  rate  of  alpha  parti- 
cle emission.  An  account  of  this  method  is  given 
by  Sir  .James  Dewar. *  2 

3.  Scintillation 

In  1903  Sir  William  Crooks  and  others^  had  dis- 
covered the  phenomena  of  phosphorescent  zinc  sul- 
phate scintillating  when  impinged  by  an  alpha  par- 
ticle. In  fact,  the  spinthariscope  devised  by 
Crooks  is  still  a valuable  and  spectacular  demon- 
stration device.  The  scintillation  method  has 


•^Proceedings  of  t he  Royal  Society , A- 11 8 , 318 , 192B . 

2Ibid. , A-81,  280,  1908;  A-83,  404,  1910. 

^Physics  Staff,  University  of  Pittsburgh,  Atomic 
Physics,  p.  228. 
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been  much  used  and  has  yielded  valuable  information 
about  the  nature  and  behavior  of  alpha  particles. 

4.  Photographic 

A method  of  detection  used  by  Kenoshita4  and 
others  is  that  of  exposing  a photographic  plate  to 
alpha  particles  or  contaminating  a spot  on  a photo- 
graphic plate  with  an  alpha  emittor.  Upon  develop- 
ment the  film  shows  that,  due  to  the  extremely 
powerful  ionizing  effect  of  alpha  rays,  each  grain 
of  film  contacted  is  rendered  capable  of  being  dev- 
eloped. Therefore,  this  method  can  determine  lenglh 
of  track  and  intensity  of  ionization. 

B.  Electrometers 

If  all  of  the  alpha  particles  from  a source  in  a 
vacuum  are  collected,  it  is  possible  to  measure  the 
electrical  charge  carried  by  them.  This  was  usually  ac- 
complished by  the  use  of  electrometers  of  varying  de- 
sign. This  method  was  used  by  Rutherford  and  Geiger, ^ 
as  early  as  1908  to  determine  e (the  charge  on  the 
electron).  The  value  which  they  found  was  4.65  x 10”^° 
electro-static  units. 


^Proceedings  of  the  Royal  Society,  A-83,  432,  1910. 

^Rutherford,  Chadwick,  Ellis,  Radiations  from 
Radioactive  Substances,  p.  65. 
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Recent  refinements  of  this  method  employ  electro- 
meter tubes,  by  the  use  of  which  it  is  possible  to  main- 
tain the  sensitivity  of  the  best  electrometer  of  the 
order  of  lO”^-* 7  amperes®  and  acquire  the  stability  of 
operation  of  a vacuum  tube  circuit. 

C.  Ionization  Chamber 

The  great  ionizing  power  of  alpha  rays  was  used  by 
Rutherford  in  1903  as  a mearB  of  their  detection. 7 
1.  Wilson  Cloud  Chamber 

This  device  designed  by  C.  R.  T.  Wilson  in 
1911®  utilizes  the  ionizing  effect  of  alpha  rays 
to  record  their  passage  through  the  chamber.  Wil- 
son, in  his  cloud  chamber,  makes  use  of  the  fact 
that  in  a saturated  vapor,  droplets  will  collect 
on  ionized  particles.  Therefore,  the  passage  of  a 
powerful  ionizing  particle  such  as  an  alpha  ray 
through  the  saturated  vapor  in  the  chamber  leaves 
a series  of  droplets  to  record  its  path.  Many  in- 
vestigations have  been  carried  out  with  modifica- 
tions of  this  chamber,  and  have  yielded  data  con- 

®Hoag,  J.  B. , Electron  and  Nuclear  Physics,  p.  409. 

7Rutherford,  Chadwick,  Ellis,  Radiations  from 
Radioactive  Substances,  p.  41. 

®Hoag,  J.  B. , Electron  and  Nuclear  Physics,  p.  433. 
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corning  range,  impact,  deflection,  ionization,  and 
charge, 

2.  Proportional  Counter 

As  the  potential  between  the  electrodes  of  an 
ionisation  chamber  is  increased,  the  current  which 
will  flow  for  an  incident  particle  increases.  The 
reason  for  this  is  that  as  the  accelerating  volt- 
age increases,  the  ions  formed  receive  greater  ac- 
celeration and  cause  secondary  ionization.  Second- 
ary ionization  is  the  forming  of  other  ions  by  the 
primary  ions;  i.  e. , ions  formed  by  incident  par- 
ticle. If  a chamber  is  operated  with  its  poten- 
tial at  a value  where  secondary  ionization  occurs, 
but  not  in  a sufficient  amount  to  initiate  a dis- 
charge, we  have  what  is  termed  a proportional  cham- 
ber. The  reason  for  this  is  that  the  pulses  of 
current  flowing  between  the  electrodes  in  this 
case  will  be  very  nearly  proportional  to  the  pri- 
mary ionization.  This  type  of  counter  is  especial- 
ly suited  to  the  detection  of  alpha  particles  as 
the  associated  counting  circuit  can  be  adjusted  to 
count  only  those  pulses  above  a certain  level.  Al- 
pha particles  produce  one  hundred  or  more  times  as 
many  ion  pairs  as  do  beta  particles.  Therefore,  it 
can  be  adjusted  to  record  only  the  pulses  produced 
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by  alpha  particles. 

D.  Geiger  Counter 

The  Geiger  counter  is  similar  to  the  proportional 
counter  with  the  exception  that  the  chamber  is  operated 
at  a higher  potential.  This  higher  potential  causes 
sufficient  secondary  ionization,  that  any  incident  par- 
ticle that  causes  ionization  initiates  a discharge.  In 
practice,  this  discharge  is  quenched  very  quickly  either 
by  a quenching  agent  in  the  chamber  or  by  electronic 
means.  With  this  arrangement  any  ionizing  particle  will 
be  counted  indiscriminately  of  its  ionizing  ability. 

This  makes  the  Geiger  counter  a very  useful  instru- 
ment for  detecting  radiation.  It  may  be  used  for  the 
detection  of  alpha  particles  if  the  counting  chamber  has 
a window  sufficiently  thin  to  allow  them  to  enter.  This 
inability  of  the  Geiger  counter  to  discriminate  between 
the  ionizing  ability  of  the  particles  counted  makes  it 
not  as  useful  a device  for  alpha  particles  as  the  pro- 
portional counter. 

E.  Comparison  of  the  Various  Methods 

The  photographic  method,  although  it  yields  a gra- 
phic record  of  the  results,  is  not  as  sensitive  or 
versatile  as  the  ionization  methods. 

An  inherent  weakness  of  the  scintillation  method 
is  that  direct  detection  is  by  the  human  observer.  It 
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has  given  much  valuable  information  in  the  past  and 
is  still  a most  impressive  spectacle,  but  is  now  near- 
ly replaced  by  electronic  methods. 

The  expansion  chamber  method  is  still  very  use- 
ful in  obtaining  data  relative  to  deflection  and  im- 
pact investigations  as  the  angle  of  recoil  and  deflec- 
tion can  readily  be  determined.  It  is  rather  ineffi- 
cient, in  that,  as  a rule,  very  large  numbers  of 
photographs  must  be  taken  in  order  to  obtain  a record 
of  the  desired  phenomena. 

The  electronic  methods  are  much  in  use  at  the 
present  time.  They  have  the  advantage  of  using  the 
ionized  electrons  directly.  Because  the  electrons 
have  almost  no  inertia,  the  counting  rates  can  be  made 
much  higher  than  with  the  earlier  electrical  methods. 
The  earlier  electrical  methods  anployed  electrometers 
of  various  designs  which  were  all  subject  to  certain 
common  limitations,  such  as  lack  of  speed,  non-linear 
response,  and  non-uniform  natural  leak. 

As  has  already  been  stated,  the  Geiger  counter 
is  very  sensitive  to  all  types  of  radiation,  but  fails 
to  discriminate  between  types.  Therefore,  although 
a very  valuable  tool  in  detecting  and  measuring  radia- 
tion, it  is  excelled  by  the  proportional  counter  as 
an  instrument  for  detecting  alpha  rays.  The  ability 
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of  the  proportional  counter  to  determine  the  ionizing 
power  of  the  incident  particle  accounts  for  its  supe- 
riority. Prom  these  facts,  we  conclude  that  a propor 
tional  type  counter  is  better  suited  for  the  investi- 
gation of  many  of  the  properties  of  alpha  rays,  some 
of  which  are:  specific  ionization,  range,  straggling 


effect 


CHOICE  OP  TYPE 


Several  factors  influenced  the  choice  of  type. 
Electrical  methods  give  immediate  results,  are  versatile 
in  arrangement  and  are  much  used  at  the  present  time. 

For  student  use  a device  giving  experience  in 
current  methods  is  desirable. 

A visit  to  the  Nuclear  Physics  Laboratory  of  Mas- 
sachusetts Institute  of  Technology  in  Cambridge,  Massa- 
chusetts revealed  that  they  employ  a two- celled  chamber 
in  obtaining  alpha  particle  data. 

With  these  facts  in  view,  we  decided  to  build  a 
three-celled  chamber.  With  three  cells  It  will  be  pos- 
sible to  use  one,  two,  or  three  of  the  cells.  In  this 
way  it  could  be  used  as  a " shallow"  ionization  chamber 
to  measure  range  and  ionization. 

With  the  use  of  two  or  three  cells  it  can  be  used 
in  connection  with  coincidence  counting  circuits.  Al- 
so as  it  is  not  permanently  sealed  as  are  counter 
tubes  it  affords  an  opportunity  to  investigate  the  ef- 
fects of  pressure  and  filler  gas  on  the  operation  of 


ionization  chambers 
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DESCRIPTION 


The  body  of  this  chamber  is  of  cold  rolled  steel 
with  three  separate  cells  of  approximately  1 cm.  dia- 
meter, bored  at  right  angles  to  its  long  axis,  as  can 
be  seen  from  the  accompanying  plates  (1,  2,  3).  The 
cells  are  connected  by  an  ion  pathway  of  about  g-  cm. 
in  diameter  near  the  center  of  their  length.  The  cen- 
tral electrode  is  of  1 mm.  brass  wire  and  is  held  in 
place  at  the  top  of  each  cell  by  a lucite  insulator 
fastened  to  the  wire.  At  the  other  end,  the  electrode 
is  soldered  to  the  head  of  a 6-32  machine  screw,  which 
passes  through  the  lucite  cover  to  allow  electrical 
connection  to  be  made. 

The  lucite  cover,  which  also  serves  as  insulator, 
is  held  in  place  by  eight  8-32  machine  screws.  The 
first  attempt  at  sealing  the  lucite  cover  to  the  steel 
body  was  made  with  a DuPont  cement,  but  proved  unsatis- 
factory. At  the  present  time,  it  is  sealed  with  "Mir- 
acle Adhesive”  made  by  the  Miracle  Adhesive  Corpora- 
tion of  Newark,  New  Jersey. 

The  steel  chamber  is  mounted  on  a brass  box  which 


serves  both  as  a base  and  as  an  electrostatic  shield 
for  the  electrical  connections  to  external  equipment 
which  are  made  by  means  of  three  amphenol  connectors 


' ' " 


•• 

: ■ ,rt.j 


' 


* ”V 

- •.  ’ 

• • • 

. 


. 

, ■ . ■ - . rj 


■ 


: , 


. 


v.  ■ . 


• • I ■ ■ 


t 


mounted  in  the  side  of  this  box. 

The  particles  to  be  counted  are  admitted  through 
a mica  window  in  line  with  this  common  pathway.  The 
first  mica  window  which  was  tried  was  10  microns  thick, 
but  ruptured  after  several  hours  of  use  when  operated 
at  the  reduced  pressure  obtained  with  a water  aspira- 
tor. In  all  probability,  this  rupture  was  caused  by 
some  roughness  on  the  metal  or  improper  sealing,  as  a 
10  micron  window  should  be  sufficiently  strong  to  with- 
stand this  pressure  difference.  When  the  window  was 
replaced  it  was  made  15  microns  thick  and  cemented  in 
place  with  a DuPont  cement. 

It  is  very  easy  to  replace  the  window,  as  it  is 
held  in  place  by  the  brass  plate  which  holds  the  micro- 
meter screw.  This  plate  can  be  taken  off  by  removing 
five  screws. 

The  radioactive  material  is  held  in  a brass  cup 
by  means  of  wax.  This  cup  is  mounted  on  the  end  of  the 
micrometer  screw  which  is  in  line  with  the  window  and 
common  pathway.  By  means  of  the  micrometer  screw  the 
radioactive  source  can  be  adjusted  continuously  out  to 
a distance  of  7 cm.  from  the  window,  or  even  more  by  a 
slight  alteration  of  present  design. 

Several  cups  are  provided  so  that  to  change  sources 


one  can  merely  unscrew  the  cup  and  replace  it  with 
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another  containing  the  desired  source. 

The  materials  used  in  construction  are  all  readi- 
ly obtainable.  Most  of  them  were  on  hand  in  the  ma- 
chine shop,  but  if  they  had  had  to  be  purchased,  they 
would  have  cost  approximately  #10.00,  including  the  coi 
of  a No.  73220  micrometer  screw  from  Cenco. 

This  construction  was  done  intermittently  over  a 
period  of  several  weeks.  With  the  drawings  available, 
however,  it  would  be  possible  to  construct  another  one 
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PLATE  III 


Micrometer  screw  holder 

Boss  to  insure  alignment 
of  micrometer  screw 
with  tube 


Lucite  insulator 


COVER  AND  ELECTRODE  ASSEMBLY 
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OPERATION 


As  has  been  pointed  out  in  the  ” Comparison  of 
Methods”  the  proportional  counter  is  highly  suited  for 
alpha  particle  detection.  This  chamber  is  intended, 
primarily,  for  use  in  alpha  experiments  so  will  pro- 
bably be  operated  as  a proportional  chamber.  To  oper- 
ate as  a proportional  chamber,  the  polarity  of  the 
electrodes  is  made  the  reverse  of  that  of  Geiger  count- 
er chambers.  That  is,  it  should  be  operated  with  the 
central  electrode  positive. 

Many  different  gases  and  combinations  of  gases 
under  pressures  ranging  from  atmospheric  pressure  down 
to  a few  centimeters  are  used  successfully  in  propor- 
tional counters.  A similar  type  chamber  currently 
operated  at  the  M.  I.  T.  nuclear  laboratory  is  filled 
with  argon  containing  a trace  of  carbon  dioxide  at  a 
pressure  of  7.5  cm.  of  mercury. 

To  establish  favorable  counting  conditions  for 
this  chamber,  it  would  be  advantageous  to  use  a cath- 
ode ray  oscilloscope  in  some  such  arrangement  as  shown 
in  Circuit  1,  page  25.  In  this  procedure  a two-stage 
linear  amplifier  should  amplify  the  bursts  of  ioni- 
zation caused  by  alpha  particles  sufficiently  so  that 
their  effect  could  be  viewed  on  the  oscilloscope. 
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In  this  way  a satisfactory  combination  of  gas,  pres- 
sure, and  operating  voltage  is  arrived  at. 

A first  attempt  to  operate  was  made  on  a Geiger 
counter  circuit.  This  proved  unsatisfactory  as  the 
circuit  is  designed  to  react  to  a pulse  of  the  magni- 
tude caused  by  a discharge  rather  than  an  ion  burst. 

Due  to  this  characteristic  of  the  circuit,  the  chamber 
could  not  be  operated  as  a proportional  counter  in  con- 
junction with  it. 

The  arrangement  shown  in  Circuit  2 would  be  very 
desirable,  but  could  be  modified  in  many  ways  to  co- 
incide with  the  existing  equipment.  In  this  arrange- 
ment the  source,  preferably  polonium,  is  moved  through 
the  length  of  its  travel  and  for  different  positions, 
the  following  readings  can  be  taken:  the  counts  in 

channel  A and  the  coincidence  in  A,  B,  and  C or  in  A 
and  B or  A and  C.  Prom  these  data  range  and  straggling 
are  determined. 

Also,  at  the  various  positions  of  the  source,  the 
discriminator  settings  are  recorded.  From  this  the 
relative  ionizing  ability  of  the  particles  at  differ- 
ent points  in  their  range  can  be  obtained.  This  should 
yield  the  Bragg  curve. 

This  is  not  intended  to  be  an  exhaustive  consider- 
ation of  the  operational  possibilities  of  this  device. 


It  merely  suggests  some  procedures  for  putting  this 
device  in  operation.  Further  experimentation  will  re- 
veal the  most  satisfactory  methods  of  operation  as  well 
as  additional  uses. 


High  voltage 
supply 

(Should  be  variable  up  to  1-j  K. v. 


CIRCUIT  II 


PT.ATE  IV 


Co  IA/C. 


SOURCES 


Several  of  the  heavier  radio-active  substances 
give  rise  to  alpha  particles.  To  be  ideal  for  labora- 
tory use,  they  should  give  rise  to  a goodly  number  of 
particles  and  be  of  sufficient  half  life  to  be  used 
for  several  weeks  or  months.  UPon  consulting  the  table 
of  alpha  emittors  in  the  May  1948  issue  of  Nucleonics, 
with  the  intention  of  choosing  a suitable  source  for 

the  use  in  this  chamber,  we  list  the  most  promising: 

piiO 

84  5.40  Mev.  alpha  140  Day 

OO^228  5*52  Mev.  alpha  1.9  Year 

Upon  investigating  the  availability  of  these 
substances  for  laboratory  use,  no  outlet  of  Th.  was 
found,  but  it  was  determined  that  Po^^  was  available 
for  laboratory  use  from  the  Atomic  Energy  Project,  Cana- 
dian National  Research  Council,  Chalk  River,  Ontario, 
Canada.  Another  outlet  of  Po2^0,  although  associated 
with  a strong  beta  emittor,  is  the  Isotopes  Division, 
Atomic  Energy  Commission,  Oak  Ridge,  Tennessee.  They 
list  in  their  catalogue  No.  2 Item  9A  Bi2^-0  (5  day, 

1.17  Mev.  beta)  containing  Po2^  (140  day,  5.3  Mev. 
alpha ). 

Another  possibility  is  that  of  obtaining  radium  C 
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from  commercial  radium  concerns.  Radium  C of  itself 
is  not  an  alpha  emittor,  but  the  ever-present  radio- 
active decay  product,  Radium  C*,  is  an  emittor  of  very 
energetic  alpha  particles  (in  excess  of  7.5  Mev. ). 
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SPECIAL  REFERENCES 


An  excellent  general  treatment  of  counting  methods 

will  be  found  in  an  article  by  Livingston  & Bethe  in 

the  July,  1937,  issue  of  Modern  Physics. 

information 

Some  helpful/ relative  to  mica  windows  will  be 
found  in  the  Review  of  Scientific  Instruments,  1942, 
page  266. 

An  article  dealing  with  the  effect  of  various 
gases  upon  the  behavior  of  counting  chambers  was  pub- 
lished by  Brubaker  and  Pollard  in  the  Review  of  Sci- 
entific Instruments,  2,  254,  1937. 

A revised  table  of  radioactive  substances  can  be 
found  in  the  Nucleonics  Magazine  of  May,  1948. 

A very  helpful  chapter  dealing  with  the  construc- 
tion and  operation  of  Geiger  and  proportional  counters 
is  Chapter  VII  of  Procedures  in  Experimental  Physics 
by  Strong. 

The  subject  of  counting  is  handled  in  a rather 
practical  way  in  Chapter  3 of  Applied  Nuclear  Physics 
by  Pollard  and  Davidson. 
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Range  (R)  = distance  reached  by  one-half 
of  the  particles. 


PLATE  I- A 


This  shows  that  the  ionizing  ability  of  an 
alpha  particle  is  the  greatest  in  the  last 
few  mm.  of  its  range. 


PLATE  I-B 


ABSTRACT 


A three- celled  alpha  particle  ionization  chamber 
has  just  been  completed  at  the  Boston  University  nu- 
clear laboratory.  The  actual  construction  was  per- 
formed in  the  Upper  Atmosphere  Laboratory  Machine  Shop. 
It  was  built  for  student  use  in  the  laboratory;  and  to 
be  as  versatile  as  practical,  it  was  made  of  the  multi- 
cellular type.  In  this  way  it  can  be  employed  as  a 
shallow  ionization  chamber  by  using  only  the  first  cell, 
or  can  be  utilized  in  connection  with  coincident  count- 
ing circuits,  by  using  two  or  three  of  its  cells.  It 
is  expected  to  use  this  instrument  to  obtain  data  re- 
garding alpha  particles  to  derive  range,  specific  ioni- 
zation, the  Bragg  and  straggling  curves. 

It  is  provided  with  a connection  whereby  differ- 
ent gases  may  be  introduced  at  various  pressures.  In 
this  way  a study  of  the  effects  of  pressure  and  kind 
of  gas  on  the  operation  of  ionization  chambers  can  be 
carried  out. 

The  chamber  itself  (see  accompanying  drawings)  is 
constructed  of  cold  rolled  steel  with  three  cells  whose 
diameter  is  approximately  1 cm.  bored  in  it  at  right 
angles  to  its  long  axis.  Each  cell  contains  an  elec- 
trode along  its  own  axis.  The  electrical  connections 
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are  shielded  by  means  of  a brass  box  which  also  serves 
as  a base  for  the  entire  instrument.  The  electrical 
connections  to  external  apparatus  are  made  by  the  means 
of  amphenol  connectors  mounted  on  the  side  of  the  base. 

The  alpha  emitting  substance  is  held  by  the  use 
of  wax  in  a brass  cup  which  is  screwed  into  the  end  of 
a micrometer  screw.  The  micrometer  screw  allows  the 
source  to  be  held  at  any  distance  from  the  mica  window 
up  to  7 cms. 

This  mica  window  seals  the  end  of  a pathway  which 
extends  through  the  central  portion  of  all  three  cells. 
In  this  way,  alpha  particles,  passing  through  the  win- 
dow, can  reach  any  of  the  cells. 

The  materials  used  were  steel,  brass  and  lucite 
and  were  all  readily  obtainable.  Their  cost  would  be 
approximately  $10.00  including  the  cost  of  the  micro- 
meter screw,  which  was  purchased  from  Cenco  (No.  73220). 
The  construction  was  done  intermittently  over  a period 
of  time,  but  could  probably  be  repeated  in  a day  or  two 
now  that  the  design  is  established. 

A paper  has  been  prepared  in  connection  with  the 
construction  of  this  instrument.  Information  regard- 
ing the  nature  of  alpha  particles  and  the  history  and 
comparison  of  methods  of  detecting  them  are  included 
in  it. 
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For  the  convenience  of  those  using  the  instru- 
ment, a list  of  available  outlets  for  natural  alpha 
emittors  is  included. 


